The present study aimed to evaluate the utility of the activities of daily living (ADL) index for partially dependent elderly people (ADL-PDI) when applied longitudinally to an institutionalized partially dependent (PD) group, and to determine the characteristics of the longitudinal change in ADL ability of the PD group. The subjects were ten Japanese PD living at welfare institutions for the aged such as accredited nursing homes and health facilities (mean age was 82.2 ± 2.32 years in total; 84.3 ± 4.18 years for five males; 80.3 ± 2.33 years for five females). The questionnaire consisted of t h e A D L -P D I , t h e B a r t h e l i n d e x ( B I ) , p h y s i c a l independence, dementia independence, anamnesis, body impairments, use of assisting devices, the i n s t i t u t i o n a l i z e d p e r i o d , a n d t y p e o f m e d i c a l re h abi lit at ion an d me dic al t re at me nt , and was administered to the subjects twi ce during their institutionalized period. All testers were staff working at the subjects' institution, such as occupational therapists, physiotherapists and nurses. The result of the longitudinal ADL assessment was that ADL-PDI may evaluate the longitudinal change in ADL ability on a unidimensional scale. The utility of the standard for discriminating the functional level of the elderly using the ADL-PDI score, which was indicated in our previous study (Sato et al., 2001) , was supported by longitudinal data. Furthermore, the BI was superior to the ADL-PDI in evaluating the disabled elderly with lower functional levels. However, the ADL-PDI was better than the BI in evaluating the disabled elderly with a higher functional level and was considered to have wider applications in evaluating the ADL ability of the elderly. J P h y s i o l
Introduction
With an advancing aging society, physical functional assessment of elderly people is increasingly important in the field of physical rehabilitation. It is important to obtain accurate information on physical function and health status, and recognize the symptoms of disability or an improving functional level through periodic physical functional assessments of the elderly.
In the classification of the elderly population into three groups of bedridden (BED), partially dependent (PD) and independent living (IL) groups based on functional level, the PD group has the possibility of their functional level decreasing to bedridden, or, if their functional level improves, to become independent living (Sato et al., 2001) . This means that evaluating the functional characteristics of the PD can propose meaningful information on the process of disability from an independent to bedridden level, and of functional improvement.
We developed an ADL index for the PD (ADL-PDI; Demura et al., 1999; Sato et al., 1999) , consisting of 17 items, based on theoretical and empirical examination, to determine unidimensionality of the scale . Because of the unidimensionality of the scale, this index has the advantage such that the functional level of the elderly population, such as BED, PD and IL, may be screened using the evaluations of this ADL index (Sato et al., 2001) . If this index can reflect a change in functional characteristics when applied periodically and if it can recognize symptoms of the decrease or improvement of ADL ability they are important considerations regarding the utility of this index. However, since this index has an advantage when using cross-sectional data, evaluating, if this advantage is also determined by longitudinal data, is necessary to propose the utility of this index. This study aimed to evaluate the utility of the ADL-PDI when applied longitudinally to the institutionalized PD, on admission to and discharge from the institution, and to determine the characteristics of the longitudinal change in ADL ability of the PD.
Methods

Subjects
The subjects were ten Japanese PD elderly people living at welfare institutions for the aged such as accredited nursing homes and health facilities (mean age was 82.2 ± 2.32 years in total; 84.3 ± 4.18 years for five males; 80.3 ± 2.33 years for five females). The number of subjects in each gender and age group were as follows: one in the 60s (male = 1, female = 0), three in the 70s (male = 2, female = 1), five in the 80s (male = 2, female = 3) and one in the 90s (male = 0, female = 1). In the first ADL assessment, all subjects were ranked A or B on the standard for the degree of independence for disabled elderly people, approved by the Japan Ministry of Health and Welfare (JMHW) in 1991. This standard consists of four categories of rank A (house-bound: needing partial assistance only in outdoor activities), B (chair-bound: needing partial assistance only in indoor activities), C (bed-bound: dependent for most daily activities) and J (independent in daily life activities). This standard is generally used in welfare institutions in Japan. Eight subjects were taking periodic rehabilitation from the staff workin g at t he ir inst itut ion . Tw o did not t ak e rehabilitation and were taking daily medical treatment.
Data collection
Prior to the survey, informed consent from the subjects was obtained via institutional staff. Each subject was a s s e s s e d t w i c e b y t h e s a m e t e s t e r d u r i n g t h e institutionalized period. Since the health facility was a short-term institution, two assessments were conducted, on admission to and discharge from the institution. The mean period from the baseline to the second assessment was 63.4 ± 41.4 days (31 to 133 days). All testers were staff working at the subjects' institutions, such as occupational therapists, physiotherapists and nurses.
Questionnaires
An ADL-PDI developed in our previous studies , Sato et al., 2001 ) and the Barthel index (BI) were used in the ADL assessment. The ADL-PDI consists of 17 ADL items selected from seven ADL domains of 1) changing and holding posture, 2) dressing, 3) toileting, 4) walking, 5) bathing, 6) manual activities and 7) movement, and is assessed on a dichotomous scale of "possible" or "impossible" (Table 1) . Reliability, validity and unidimensionality of the scale were previously confirmed ) with intera n d i n t r a -r e l i a b i l i t i e s o f r = 0 . 9 4 0 a n d r = 0 . 9 9 6 , Can go for a walk in the neighborhood.
The subject being tested responded "possible" or "impossible" to the above-stated questions. *: The times were determined based on the results of survey for occupational therapists.
respectively. The BI has ten items with a polychotomous scale as follows: feeding (10 = independent, 5 = with help, 0 = impossible), moving from a wheelchair to bed and return including sitting up in bed (15 = independent, 10 or 5 = with help, 0 = impossible), personal toilet such as washing the face, combing the hair, shaving, cleaning teeth (5 = independent, 0 = impossible), getting on and off the toilet i n c l u d i n g h a n d l i n g c l o t h e s , w i p i n g , f l u s h i n g (10=independent, 5=with help, 0 = impossible), bathing self (5 = independent, 0 = impossible), walking on a level surface or if unable to walk, propelling a wheelchair (15 = independent, 10 = with help, 5 = using a wheelchair, 0 = impossible), ascending and descending stairs (10 = independent, 5 = with help, 0 = impossible), and dressing including tying shoes, fastening fasteners (10 = independent, 5 = with help), controlling bowel (10 = independent, 5 = with help) and controlling bladder (10 = independent, 5 = with help, 0 = impossible). The total BI score when summed ranges from zero (total dependence) to 100 (complete independence). This index has been examined for reliability and validity in various studies (Mahony et al., 1965; Granger et al., 1979) , and is generally used in most welfare institutions.
Physical independence, dementia independence, anamnesis, body impairments, use of assisting devices, the institutionalized period, medical rehabilitation and treatment (aim, frequency) were examined in addition to the ADL assessment. Physical independence was evaluated using the above-mentioned standard for the degree of independence for disabled elderly people approved by the JMHW in 1991. Dementia independence was assessed by the degree of independence for demented elderly people approved by JMHW in 1993. This standard ranks dementia independence in five categories, I: independent level in almost all daily activities in the community; II: independent level but needing some attention; III: needs attendant care; IV: needs attendant care all the time; M: needs medical treatment.
Evaluation of the utility of the ADL-PDI
This study evaluated the utility of the ADL-PDI from the following points. First, whether the ADL-PDI can assess ADL ability of the PD based on unidimensionality of the s c a l e w a s e v a l u a t e d . I n o u r p r e v i o u s s t u d y , unidimensionality based on difficulty of activity was confirmed among 17 ADL items consisting of the ADL-PDI. The difficulty-ordering among 17 activities is shown in Table 3 . The easiest activity is "feeding", and the hardest activity is "ascending and descending stairs". If this difficulty-ordering is a perfect unidimensional scale, the subject can achieve these activities in difficulty-order. Therefore, this study evaluated whether ADL-PDI can a s s e s s th e l o n g i t u d i n a l c h a n ge i n A D L a b i l i t y characteristics based on this unidimensional scale, by comparing between pre-and post-assessments.
Our previous study indicated that the possibility of falling into a bedridden situation increases when the total score of the ADL-PDI is 5 or less, and that four easier activities, such as "feeding", "going to the toilet", "tossing about in bed" and "writing", are useful in determining if the PD is becoming bedridden. In addition, it was pointed out that the functional level is close to independent living when the total score is 13 or more, and that five more difficult activities, such as "putting on slacks", "putting on trousers", "standing u p from a si tting posture", "ascending and descending stairs" and "washing the whole body", are useful in determining if the PD is becoming independent living (Sato et al., 2001 ). Secondly, this study evaluated the utility of these standards from the relationship between longitudinal changes in ADL ability characteristics and physical functional levels assessed by the standard for the degree of independence for disabled older people by JMHW.
Thirdly, the relationship between ADL-PDI and BI and the relationship between physical independency and ADL scores in both indexes were calculated for pre-and postassessment scores, and their differences were assessed with Spearman's order correlations. When determining the correlation between physical independence and ADL scores, physical independence was changed into numerical value ranks as follows: J=4, A=3, B=2, C=1. Furthermore, the longitudinal changes in ADL scores, (pre-assessment -post-assessment)/total score, were calculated according to the subjects who indicated a decrease in ADL ability and those who indicated an improvement in ADL ability. Tables 2 and 3 show the profile of each subject and the results of the pre-and post-assessments using the ADL-PDI and the BI, respectively. Subjects 1, 2 and 3 were admitted to the health facility from a hospital. Their health status took a turn for the worse and they returned to the hospital. On admission, they had lower extremity functional rehabilitation three or four times a week for 30 minutes a day, but they could not do this on discharge. They did not use an assisting device on admission, but used a wheelchair on discharge. Their physical independence rank declined from A (house-bound) to C (bed-bound). Their ADL-PDI scores also declined as follows: Subject 1: 4 to 1; Subject 2: 7 to 1; and Subject 3: 4 to 1. On admission, all the three subjects could move indoors, and could also perform the activities of "sitting up from a lying posture", "standing up from a sitting posture", and "holding a standing posture". On discharge, however, the only activity that they could do was "tossing about in bed". In the BI score, decreases between pre-and post-assessments were found in "getting on and off toilet" in Subject 1, all activities except for "ascending and descending stairs" in Subject 2 and "ascending and descending stairs", "controlling bowel" and "controlling bladder" in Subject 3.
Results
Subjects 4, 5 and 6 were institutionalized in a health facility for 31, 34 and 68 days, respectively, and they were taking mobility training. Their ADL scores were more than 13 in ADL-PDI, and more than 90 in BI. Despite continuous and regular mobility training, their ADL evaluations did not change between pre-and postassessments in both indexes. Subjects 7, 8 and 9 were institutionalized in an accredited nursing home from a hospital, and Subject 10 was in a health facility from a hospital. All four subjects went home after discharge. Their ADL-PDI scores increased between pre-and post-assessment (Subject 7: 12 to 17; Subject 8: 3 to 6; Subject 9: 6 to 11; and Subject 10: 7 to 8). Subject 8 (95 years old) and Subject 10 (66 years old) periodically took mobility training and upper extremity functional rehabilitation. At post-assessment, their lower extremity functional level improved, and they could perform activities such as "going to the toilet", "standing up from a sitting posture", and "putting on slacks". Although Subjects 7 (88 years old) and 9 (73 years old) were only taking medical treatment at the institution, they could perform activities of movement, upper extremity activities and dressing with a standing posture. Similarly, increases in the BI scores were also found in "moving from wheelchair to bed" and "personal toilet" in Subject 8, "feeding" in Subject 9, and "personal toilet" and "bathing" in Subject 10, but a decrease was found in "dressing" in Subject 10.
T
a b le 4 c o m p a r e s t h e c h a r a c t e r i s t ic s o f A D L evaluations between the ADL-PDI and BI indexes.
Spearman's order correlations between the ADL-PDI and BI scores were 0.826 at pre-assessment, 0.950 at postassessment and 0.844 for the differences in ADL scores between pre-and post-assessments. These correlations were significantly high. Spearman's order correlations between physical independency and both ADL indexes scores at pre-assessment, post-assessment and the differences between pre-and post-assessments were 0.527, 0.857 and 0.865 for ADL-PDI, and 0.405, 0.882, 0.678 for BI. These correlations in both indexes were significant except for the pre-assessment values. Furthermore, the longitudinal changes in ADL scores were calculated for subjects indicating a decrease of ADL score (Subjects 1, 2 and 3), and for subjects indicating an improvement of ADL score (Subject 7, 8, 9 and 10). The mean values of longitudinal changes for the subjects showing a decrease were 23.5% for ADL-PDI and 40% for Situation at admission and discharge Admitted to accredited nursing home from hospital Admitted to health facility from hospital Went home after discharge Went home after discharge Medical rehabilitation Nothing Mobility training and upper extremity medical training, 3 to 4 days/week, 60 minutes/day " " means the change of status from pre-and post-assessment. Ranks of physical independency were as follows: Rank A (house-bound), B (chair-bound), C (bed-bound) and J (independent living). Ranks of senile dementia independency were as followed; Rank I (independent level in almost all daily activities in the community), II (independent level but needing some attention), III (needs attendant care), IV (needs attendant care all the time), M (needs medical treatment).
BI, and longitudinal changes for the subjects showing an improvement were 20.6% for ADL-PDI and 5% for BI.
Discussion
Health facilities for the elderly provide attendant care, medical treatment and training for activities of daily living for the weak elderly with a stable physical state, and generally provide short-term institutional care from a week to some months. Accredited nursing homes for the elderly provide nursing care to bedfast people over 65 years of age. This is not a short-term institution, but it provides attendant care, medical treatment and training for functions required in daily life for institutionalized elderly requiring nursing care. This study investigated the characteristics of longitudinal change in ADL ability b e t w e e n p r e -a n d p o s t -a s s e s s m e n t s d u r i n g institutionalization. Throughout this examination, the utility of the ADL-PDI was evaluated. This section discusses each case showing a change/no change in ADL Ascend and descend stairs
Sitting standing posture
Washing the whole body
Entering the bathtub
Putting on a shirt
Holding standing posture
Lying sitting posture
Total score 4 1 7 1 4 1 13 13 14 14 13 13 12 17 3 6 6 11 7 8 *: Items of ADL-PDI were indicated based on difficulty-ordering guaranteed unidimensional scale in previous study . O:
Independent (possible), !: with help, ": Using wheelchair, ×: dependent (impossible).
and functional improvement were reported in previous longitudinal studies investigating the influence of periodic rehabilitation for four to twelve months on the functional characteristics of institutionalized elderly people (Mulrou et al., 1993; Phillips et al., 1997; Blair, 1999; Morris et al., 1999; Fortinsky et al., 1999) . In the present study, an improved ADL ability was recognized in the 70s to the 90s age group. In particular, the ADL ability of Subjects 7 (88 years old) and 8 (95 years old) improved compared with those at the first assessment unless they were over 85 years old. These findings indicate the possibility that ADL ability is improved even with disabled elderly people at a lower functional level. With Subjects 4, 5 and 6 whose ADL evaluation did not change, their institutionalized terms, from 31 to 68 days, were short compared to the four people recognized with an improved ADL evaluation. This points to the po ssib il it y t h at an ADL ev aluat ion improv es if institutionalized terms are longer. The results of the present and previous studies indicate that there is a possibility of improvement or a delay in the decrease in ADL ability of elderly people by rehabilitation, and suggests examining more proper rehabilitation programs and methods to estimate the change of functional characteristics (MacRae et al., 1996; Blair, 1999; Wu et al., 2000) .
In conclusion, the ADL-PDI can assess the longitudinal change in ADL ability on a unidimensional scale, where a decline of ADL ability is caused by various diseases and improvements are a result of various rehabilitation and medical treatments. The utility of the standards for discriminating functional level of older population by ADL-PDI scores, which were indicated in a previous study, was also supported in a longitudinal ADL assessment. The ADL-PDI has wide applications for older people with various functional levels compared to BI. In addition, an improved ADL function was found even in more aged disabled people, and the importance of continuous ADL assessments and the necessity of examining more proper rehabilitation programs were suggested.
